Opioid and cannabinoid receptor inhibition of adenylyl cyclase in brain.
Both opioids and cannabinoids bind to G-protein-coupled receptors to inhibit adenylyl cyclase in neurons. These reactions were assayed in brain membranes, where maximal inhibitory activity occurred in the following regions: mu-opioid inhibition in rat thalamus, delta-opioid inhibition in rat striatum, kappa-opioid inhibition in guinea pig cerebellum, and cannabinoid inhibition in cerebellum. The inhibition of adenylyl cyclase by both cannabinoid and opioid agonists was typical of G-protein-linked receptors: they required GTP, they were not supported by non-hydrolyzable GTP analogs, and they were abolished (in primary neuronal cell culture) by pertussis toxin treatment. The immediate targets of this system were determined by assaying protein phosphorylation in the presence of receptor agonists and App(NH)p, a substrate for adenylyl cyclase. In striatal membranes, opioid agonists inhibited the phosphorylation of at least two bands of MW 85 and 63 kDa, which may be synapsins I and II, respectively. Other experiments determined the long-term effects of this second messenger system. In primary neuronal cultures, opioid-inhibited adenylyl cyclase attenuated forskolin-stimulated pro-enkephalin mRNA levels, thus providing a feedback regulation of opioid synthesis. Finally, in cerebellar granule cells, both cannabinoid and opioid receptors may exist on the same cells. In these cells, agonists which bind to different receptor types may produce similar biological responses.